
�ÝDVE 5. /�F<@4?8O� :ÝA9 
7<CBF9;4?4D.
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Оқытушы: Сарсембаева Т.С.



�ÝDVEFV§ <4�E4FO:

/�F<@4?8O� F9BD<OEOAO§ 89D9>F9D8V F4?84G84�O :ÝA9 59?7VEV;8V> :4�84=OA84 L9LV@ �45O?84G84�O Dí?V@9A 
F4AOEFODG. �84A >9=VA, O�F<@4?8O�FO§ A97V;7V µ�O@84DOA, EBAO§ VLVA89 FÝG9?8V :ÝA9 FÝG9?EV; B�<�4?4D8O, L4DFFO 
O�F<@4?8O�FO :ÝA9 �4=9E F9BD9@4EOA @9§79DFG >í;89?98V. %BA84=-4�, 8ÝDVE @4F9@4F<>4?O� EF4F<EF<>4AO§ @4§O;8O 
Fµ:ODO@84@4?4DO 3 �4?OCFO ¯?9EFVDG @9A �DF4?O� L9>F9G F9BD9@4EOA F¯EVA8VDG79 54�OFF4?�4A. %B§OA84, 
EF4F<EF<>4?O� �BDOFOA8O :4E4G8O§ A97V;89DVA, EBAO§ VLVA89 7<CBF9;4AO F9>E9DG (H0/H1), p-@ÝA89D, E9AV@8V?V> 
4D4?O�F4DO :ÝA9 A/B EOA4�F4DOA B�OFG @4�E4F 9FV?98V.

https://gamma.app/?utm_source=made-with-gamma


�57V77V EµD4�F4D:

,4DFFO O�F<@4?8O� 8979AV@V; A9 :ÝA9 B? FÝG9?8V B�<�4?4D@9A 
�4?4= 54=?4AOEFO?

1.

�4=9E F9BD9@4EO �4?4= :µ@OE VEF9=8V :ÝA9 BAO§ A97V;7V 
>B@CBA9AFF9DV �4A84=?

2.

�4?OCFO ¯?9EFVDG 8979AV@V; A9 :ÝA9 �DF4?O� L9>F9G 
F9BD9@4EOAO§ @4§O;O A989?

3.

�<CBF9;4AO F9>E9DG CDBF9EV �4?4= :¯D98V?4.
P-@ÝA (p-value) 8979AV@V; A9 :ÝA9 B? L9LV@ �45O?84G�4 �4?4= ÝE9D 
9F98V?

5.

%9AV@8V?V> 4D4?O�O (Confidence Interval) :ÝA9 A/B EOA4�O 8979AV@V; 
A9?

6.

https://gamma.app/?utm_source=made-with-gamma


�V@VA?5

�4F9@4F<>4 @9A EF4F<EF<>4 89D9>F9D8V F4?84G8O§, @4L<A4?O� 
B�OFG8O§ :ÝA9 :4E4A8O <AF9??9>FC9A :µ@OE VEF9G8V§ A97V;V 5B?OC 
F45O?48O.

�9D9>F9D F4?84GLO?4DO @9A 89D9>F9D �O?O@84DOAO§ @4@4A84DO 
>í5VA9E9 O�F<@4?8O� F9BD<OEOA4 E¯=9A98V, í=F>9AV 5µ? B?4D�4 
59?7VEV;8V> :4�84=OA84 8µDOE L9LV@ �45O?84G�4 @¯@>VA8V> 59D98V.

�OE4?O, :B54AO§ 54EF4C�O >9;9§VA89, A4�FO 89D9>F9D 5B?@4�4A 
>9;89, 9§ F<V@8V 7<CBF9;4AO F4§84G ¯LVA /�F<@4?8O�F4D @9A 
5B?:4@84D �B?84AO?48O.
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/�F<@4?4O�

/�F<@0?8O�F0D F9BD<OEO 4 1µ? @B89?P89G @9A >D<CFB7D0H<O ¯LVA >9;89=EB� E0A80D8O �µDG�0, 0?7BD<F@89D @9A @Ý?V@9FF9D 
�µDO?O@OA :0�E0DFG�0, EBAO@9A �0F0D @0L<A0?O� B�OFG8O§ A0�FO @B89?P89DVA :0E0G�0 >í@9>F9E9FVA @0§O;8O �µD0?.

P (A) =  P (A#B  )P (B  )
i

3 i i

�¯7VA7V 8ÝDVEF9 O�F<@0?8O?O�FO 19?7V?V 1VD B�<�0�0 10=?0AOEFO 19?7VEV;8V>FV E0A8O� 10�0?0G Ý8VEV D9FVA89 �0D0EFOD0@O;. �EO?0= EV; 
@µAO �0D0C0=O@ @OE0?80A F9IA<>0?O� 0AO�F0@0?0D @9A @0F9@0F<>0?O� 8Ý? Fµ:ODO@80D�0 F9D9§ ¯§V?@9=-0� F¯EVA9 0?0EO;.

�OE0?O, F9>L9AV �0?0= 0=A0?8ODG >9D9>FV7VA 9?9EF9FVC >íD9=V>.

/�F<@0?8O� >9§VEFV7V - 1µ? 10D?O� @¯@>VA 1B?0FOA A97V;7V AÝF<:9?9D8V§ :<OAFO�O. &9>L9 :0�80=OA80 @µA80= AÝF<:9?9D 0?FO�0 
F9§: {1,2,3,4,5,6}

�ÝA9 1µ? AÝF<:9?9D8V§ >9; >9?79A 1í?V7V >9;89=EB� B�<�0 1B?OC E0A0?08O.

�OE0?O: "1VD E0AO F¯EFV" - 1µ? 1VD Q?9@9AFF9A FµD0FOA B�<�0 {1};

":µC E0AAO§ F¯EV" - 1µ? ¯L Q?9@9AFF9A FµD0FOA B�<�0 {2,4,6}.

/�A<, O�F<@0?8O� ÝD1VD BEOA80= B�<�0AO§ C0=80 1B?G O�F<@0?8O�OA E0A8O� F¯D89 E<C0FF0G�0 @¯@>VA8V> 19D98V.

https://gamma.app/?utm_source=made-with-gamma


ì74D4 FÝG5?4V?V> 6ÝA5 FÝG5?EV74V>

/�F<@0?8O� F9BD<OEOA80 B�<�0?0D 1VD-1VDV@9A FÝG9?8V A9@9E9 FÝG9?EV; 1B?GO @¯@>VA. �µ? µ�O@80D B�<�0?0D8O§ í;0D0 10=?0AOEOA E<C0FF0=8O, O�A<: 1VD B�<�0AO§ C0=80 1B?GO 
A9@9E9 1B?@0GO 9>VALV B�<�0AO§ O�F<@0?8O�OA0 ÝE9D 9F98V @9, :B� C0 4 EBAO 0AO�F0=8O.

&ÝG5?EV7 B�8�4?4D (Independent events):

�79D 1VD B�<�0AO :¯;979 0EODG 9>VALVEVAV§ O�F<@0?8O�OA í;79DFC9E9, 9>V B�<�0 FÝG9?EV; 89C 0F0?08O.

�0E�0L0 0=F�0A80, 1VD B�<�0AO§ AÝF<:9EV 9>VALVEVA9 9L�0A80= ÝE9D 9FC9=8V.

P (A + B) = P (A) × P (B)

P (A) - A B�<�0EOAO§ O�F<@0?8O�O, P(B) - B B�<�0EOAO§ O�F<@0?8O�O, P(A+B) - 9>V B�<�0AO§ 1VD G0�OFF0 C0=80 1B?G O�F<@0?8O�O.

&ÝG5?4V B�8�4?4D (Dependent events):

�79D 1VD B�<�0AO§ C0=80 1B?GO 9>VALVEVAV§ O�F<@0?8O�OA í;79DFE9, BA80 B?0D FÝG9?8V B�<�0?0D 89C 0F0?08O.

P (A + B) = P (A) × P (B#A)

P (B|A) 4 �79D � B�<�0EO BDOA 0?E0, B B�<�0EOAO§ O�F<@0?8O�O.

,4DFFO O�F8@4?4O� (Conditional probability)

,0DFFO O�F<@0?8O� - 1VD B�<�0 B 1B?�0AO 19?7V?V 1B?�0A F0�O 1VD B�<�0 A O�F<@0?8O�FO 1V?8VD9FVA >íDE9F>VL. �? "B :0�80=OA80 � O�F<@0?8O�O " B�O?08O :ÝA9 19?7V?9A98V:

P (A#B)

P (A#B) =  ,  575D P (B) >
P (B)

P (A + B)
0.

/�A<, � :ÝA9 B O�F<@0?8O�O, 9>9GV 89 (P(A+B)) � O�F<@0?8O�OA0 1í?98V.
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�4=5E F5>D5<4EO (Bayes' Theorem)
�4=9E F9BD9@4EO - O�F<@4?8O� F9BD<OEOAO§ 9§ @4§O;8O :ÝA9 >9§VA9A �B?84AO?4FOA �µD4?84DOAO§ 5VDV 5B?OC F45O?48O.

�? 4�O?LOA �4?O@O, 8VA< �O;@9F>9D :ÝA9 @4F9@4F<> &B@4E �4=9EFV§ (&B@4E �4=9E, 1702-1761) 9EV@V@9A 4F4?8O.

1763 :O?O �4?O@ �4=FOE 5B?�4AA4A >9=VA BAO§ :µ@OEO <An Essay towards solving a Problem in the Doctrine of Chances= 8979A 4FC9A :4DO� >íD8V.

�µ? :µ@OEF4 �4=9E :4§4 4�C4D4F A9@9E9 89D9>F9D C4=84 5B?�4A >9;89 E9AV@89D @9A O�F<@4?8O�F4D8O �4?4= :4§4DFG >9D9>FV7VA >íDE9F9FVA 
CD<AF<CFV µEOA8O.

�4=9E F9BD9@4EOAO§ @ÝAV B�<�4 FGD4?O :4§4DFO?�4A E9AV@8V?V>FV (posterior probability) 9E9CF9G ¯LVA 4?8OA 4?4 E9AV@8V?V>FV (prior probability) 
:ÝA9 :4§4 89D9>F9D8V (evidence) 5VDV>FVDG 5B?OC F45O?48O.

�4E�4L4 4=F�4A84, 5V; 5µDOAA4A 59?7V?V O�F<@4?8O�F4D A97V;VA89 :4§4 89D9>F9D8V 4?�4A >9;89 í; >í;�4D4EO@O;8O E4A8O� F¯D89 F¯;9F9@V;.

P (A#B) =  

P (B)
P (B#A) × P (A)

P (A) - 4CD<BD?O� O�F<@4?8O� (prior), O�A< B�<�4 -AO§ 54EF4C�O O�F<@4?8O�O;A

( ) - L4DFFO O�F<@4?8O�,  5B?�4A :4�84=84 -AO§ O�F<@4?8O�O;B#A A B

( ) - 54D?O� @¯@>VA :4�84=?4D84  O�F<@4?8O�O (ABD@4?<;4F<O >BMHH<F<9AFV);B B

( ) - 4CBEF9D<BD?O� O�F<@4?8O� (posterior), O�A<,  89D97V 4AO�F4�4AA4A >9=VA -AO§ O�F<@4?8O�O.A#B B A
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�4?OCFO ¯?5EFVDG (Normal distribution) 6ÝA5 �DF4?O� L5>F5G F5BD5@4EO (Central Limit 
Theorem)

�4?OCFO ¯?9EFVDG - >9;89=EB� L4@4?4D8O§ F4D4?GOA E<C4FF4G ¯LVA 9§ >íC �B?84AO?4FOA @B89?P 5B?OC F45O?48O.

�AO§ >9§ F4D4?GOAO§ E9595V - A4�FO í@VD897V >9;->9?79A í?L9@ AÝF<:9EVA89 �4F9?V>F9D8V§ C4=84 5B?GO. �µ? �4F9?V>F9D79 >í5VA9E9 5VDA9L9 H4>FBD?4D8O§ �BEOA8OEO 
ÝE9D 9F98V (@OE4?O, í?L9G �µD4?OAO§ 8Ý?8V7V, 484@AO§ �4F9?V7V, 8í§79?9>F9G :ÝA9 F.5.).

%BA8O�F4A, 979D 4=AO@4?O ÝD F¯D?V >VLV7VDV@ ÝE9D?9D8V§ �BEOA8OEOA4A FµDE4, BAO§ F4D4?GO �4?OCFO ;4§�4 :GO�F4=8O.

�DF4?O� L9>F9G F9BD9@4EO - O�F<@4?8O� F9BD<OEO @9A @4F9@4F<>4?O� EF4F<EF<>4AO§ @4§O;8O ;4§84DOAO§ 5VDV.

�µ? F9BD9@4 >9;89=EB� L4@4?4D8O§ ¯?>9A E4AOAO§ �BEOA8OEO (A9@9E9 BDF4L4 @ÝAV) 54EF4C�O L4@4?4D8O§ F4D4?GO F9§ 5B?E4 84, �4?OCFO ¯?9EFVDV@79 :4�OA 9>9AVA 
>íDE9F98V.

�=F4?O�, - 5VD-5VDVA9A FÝG9?EV; :ÝA9 5VD89= F4D4?�4A >9;89=EB� L4@4?4D, B?4D8O§ BDF4L4 @ÝAV ¿, 8<EC9DE<OEO Ã^2 (L9>FV @ÝA79 <9, O�A< Ã^2<>).

�BD@4?P8O ¯?9EFVDV@AV§ O�F<@4?8O� FO�O;8O�O >9?9EV HBD@G?4@9A 59DV?98V:

¿ 4 BDF4L4 @ÝA (mean), Ã 4 EF4A84DFFO 4GOF�G (standard deviation), Ã^2 4 8<EC9DE<O (variance).
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�8?>F574 6Ý=5 �>@OFO=4O (Hypothesis and Conclusion)
�<CBF9;0 - 1µ? 19?7V?V 1VD �µ1O?OEFO, @Ý?V@9FF9D 0D0EOA80�O 10=?0AOEFO A9@9E9 �0D0@9FD?9D @ÝA89DVA 1B?:0G�0, F¯EVA8VDG79 10�OFF0?�0A �O?O@< 
C0=O@80G.

/�A<, 7<CBF9;0 - ;9DFF9G :¯D7V;9D 0?8OA80 ;9DFF9GLV µEOA�0A 1B?:0@ A9@9E9 1B?:0@, EB80A >9=VA B? A0�FO 89D9>F9D@9A F9>E9DV?98V.

�O?O@< FµD�O80A 0?�0A80, 7<CBF9;0-1µ? M>EC9D<@9AFF9D @9A EF0F<EF<>0?O� Ý8VEF9D 0D�O?O 8Ý?9?89G8V �0:9F 9F9FVA 19?7V?V 1VD �µ1O?OEFO§ E9191VA 
A9@9E9 ;0§8O?O�OA G0�OFL0 F¯EVA8VD9FVA CV>VD.

&¯D?5DV:

�í?8V> 7<CBF9;0 (Null hypothesis, H0): 1µ? 10EF0C�O, EF0A80DFFO 1B?:0@. �? ;9DFF9?9FVA 89D9>F9D 0D0EOA80 9L�0A80= 0=OD@0LO?O� A9@9E9 10=?0AOE 
:B� 89=8V.

H0:" 0=OD@0LO?O� :B�","í;79DVE :B�","C0D0@9FD 19?7V?V @ÝA79 F9§"

�OE0?:

H0: EFG89AFF9D8V§ BDF0L0 10??O = 70 10??.

�0?0@0?O 7<CBF9;0 (Alternative hypothesis, H1  A9@9E9 Ha )

�µ? 0=OD@0LO?O� A9@9E9 ÝE9D 10D 89C 1B?:0=FOA Aí?8V> 7<CBF9;0AO§ �0D0@0-�0=LO AµE�0EO.

�1: "0=OD@0LO?O� 10D", "í;79DVE 10D", "C0D0@9FD 19?7V?V @ÝA79 F9§ 9@9E"

�OE0?: H1: EFG89AFF9D8V§ BDF0L0 10??O != 70 10??.
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�8?>B574=O B5>A5@C

�<CBF9;4AO F9>E9DG-5µ? 89D9>F9D79 A97V;89?79A Aí?8V> 7<CBF9;4AO �45O?84G A9@9E9 :B��4 LO�4DG CDBF9EV.

�444<44@:

�<CBF9;4?4D8O �µDG: H0 :ÝA9 H1 4AO�F4@4EO.1.
�4§O;8O?O� 89§79=VA F4§84G: Ü89FF9 =0,05 A9@9E9 5%. �µ? F9DVE>9 LO�4DG O�F<@4?8O�O >4F9? 0 �4F9@9A.2. ³

%OA4� EF4F<EF<>4EOA 9E9CF9G:(@OE4?O: t F9EFV, z F9EFV, ³2 F9EFV :ÝA9 F. 5.)3.
P-@ÝAVA F45G (p-value):�µ? AÝF<:9AV§ >9;89=EB� LO�G O�F<@4?8O�O.4.
,9LV@ �45O?84G: �79D p f  ³ F9DVE>9 0 :B��4 LO�4DO?48O. �79D p >  ³ 0 5B?E4 H0 �45O?84A48O.5. ³ ³

P-@ÝA (p-value) 4 5µ? Aí?8V> 7<CBF9;4 (H0) 8µDOE 89C 9E9CF979A :4�84=84, 4?OA�4A A9@9E9 B84A 84 <L9>F9A FOE= AÝF<:9AV >9;89=EB� F¯D89 4?G 
O�F<@4?8O�O.

�4E�4L4 4=F�4A84: p-@ÝA 3 <BEOA84= AÝF<:9AV F9> >9;89=EB�FO�FO§ E4?84DOA4A 4?G @¯@>VA 59?= 8979A EµD4�FO§ E4A8O� :4G45O.

�79D p @ÝAV íF9 4; 5B?E4, 5µ? AÝF<:9AV �4D4C4=O@ >9;89=EB�FO�C9A F¯EVA8VDG �<OA, EBA8O�F4A 5V; Aí?8V> 7<CBF9;4 LOA8O��4 :4A4EC4=8O 
8979A �BDOFOA8O�4 >9?9@V;.

�79D p @ÝAV ¯?>9A 5B?E4, AÝF<:9 >9;89=EB� 4GOF�G8O§ E4?84DO 5B?GO @¯@>VA, EBA8O�F4A Aí?8V> 7<CBF9;4AO :B��4 LO�4DG�4 A97V; :B�.

�4§O;8O?O� 89§79=V ( ) - ;9DFF9GLVAV§ �4F9?V> :V59D9FVA L97V.³
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%5AV@4V?V> 4D4?O�F4DO (Confidence Intervals)

%5=V<4V;V: 0@0;O�B0@O(8=B5@20;O) - AB0B8AB8:0;O� 5A5?B5C;5@ =53V7V=45 B01O;�0= ?0@0<5B@4V§ LO= <Ý=V 60BCO <¯<:V= 480?07>=.

/�=8, 1V7 =0�BO <Ý=4V 1V;<59<V7, 1V@0� 15;3V;V 1V@ O�B8<0;4O�?5= (<OA0;O, 95%) 1V7 >=O >AO 0@0;O�B0 45? A5=V<4V B¯@45 09B0 0;0<O7.

�0A�0L0 09B�0=40: %5=V<4V;V: 8=B5@20;O - 1µ; ?0@0<5B@4V§ <¯<:V= <Ý=45@V=V§ 8=B5@20;4O� 10�0AO (>@B0L0, ¯;5A, 09O@<0LO;O� 6Ý=5 B.1.).

�OA0; �0@0ABO@09O�: 1V745 100 ABC45=BBV§ >@B0L0 10;;O =70, AB0=40@BBO 0COB�C =10xË s

%5=V<4V;V: 45§359V-95%.

%5=V<4V;V: 0@0;O�O :5;5AV459 5A5?B5;54V:

 - B0§40<0;O� >@B0L0 <Ý=, 4 AB0=40@BBO 0COB�C,  4 B0§40<0 :í;5<V,  4 AB0=40@BBO =>@<0;P B0@0;C40= 0;O=�0= :@8B8:0;O� <Ý= (95% ¯LV= 1.96).xË s n z  ³/2

�V7 95% A5=V<4V<V7, O�=8 =0�BO >@B0L0 <Ý= (?>?C;OF8O=O§ >@B0L0 <Ý=V) 68,04 ?5= 71,96 0@0AO=40. CI=[68.04;71.96]
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A/B EO=4�F4DO (A/B Testing)

A / B EOA4�O-5µ? 9>V A9@9E9 B84A 84 >íC AµE�4?4D8O E4?OEFODG Ý8VEV (@OE4?O, 695-C4D4�, :4DA4@4, 8<;4=A, íAV@ AµE�4?4DO) :ÝA9 �4=EOEO F<V@8V 
9>9AVA EF4F<EF<>4?O� 4AO�F4G.

�4�E4FO: C4=84?4AGLO?4D8O§ A4�FO ÝD9>9FF9DVA9 E¯=9A9 BFODOC, �4= BCF<O :4�EO AÝF<:9 59D9FVAV FGD4?O 8Ý?9?8V F45G.

�OE4? D9FVA89 E4=FF4 9>V 54FOD@4 54D 89?V>: A AµE�4EO: :4EO? F¯EFV, B AµE�4EO: �O;O? F¯EFV. �V; 5V?7V@V; >9?98V 4 �4= F¯EFV 54FOD@4 >í5VD9> 54EO?48O?

�<CBF9;4 5B=OAL4 �4D4EFOD4FOA 5B?E4� Aí?8V> 7<CBF9;4 ( ): � :ÝA9 � AµE�4?4DO 9L 4=OD@4LO?O�O :B� 89E9, 54?4@4?O 7<CBF9;4 ( ): � AµE�4EO 
:4�EO AÝF<:9 59D98V (@OE4?O, :B�4DO >BA69DE<O) 89C 5B?:4@848O.

H  0 H  1

�A8V7V �4= AµE�4 8µDOE 9>9AVA 4AO�F4G ¯LVA 5V; F9EF íF>V;9@V;:

�VDVALV89A @4�E4FFO @9FD<>4AO 4AO�F4C 4?4@O;;1.
�>VALV89A �B?84AGLO?4D8O 9>V FBC�4 5í?9@V;(A/B);2.
®LVALV89A 89D9>F9D8V :<A4=@O;;3.
&íDFVALV89A EF4F<EF<>4?O� F4?84G :4E4=@O;;4.
%B§OA4A 54DOC �BDOFOA8O :4E4=@O;.5.

�>DOFO=4O (Conclusion)

�BDOFOA8O-7<CBF9;4AO F9>E9DG AÝF<:9EVA89 4?OA�4A L9LV@. �µ? �O?O@< Fµ:ODO@ A9@9E9 89D9>F9D A97V;VA89 �45O?84A�4A L9LV@.

�BDOFOA8O 7<CBF9;4AO 8Ý?9?89@9=8V A9@9E9 :B��4 LO�4D@4=8O, F9> 89D9>F9D79 EÝ=>9E BAO �B?84=FOAOA >íDE9F98V.
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,4DFFO O�F<@4?8O� 8979AV@V; A9 :ÝA9 BAO§ HBD@G?4EO �4A84=?1.
�4=9E F9BD9@4EOAO§ A97V;7V @4�E4FO A989? (�CD<BD?O� :ÝA9 4CBEF9D<BD?O� O�F<@4?8O�F4D8O F¯EVA8VDV§V;).2.
�DF4?O� L9>F9G F9BD9@4EO A9?V>F9A @4§O;8O 5B?OC E4A4?48O?3.
�í?8V> (H0) :ÝA9 54?4@4?O (H1) 7<CBF9;4?4D8O§ 4=OD@4LO?O�O A989? �OE4? >9?FVDV§V;.4.

P-@ÝAV (p-value) 0.03->9 F9§ 5B?E4 (:ÝA9 @4§O;8O?O� 89§79=V  = 0.05 5B?E4), EV; Aí?8V> 7<CBF9;4�4 (H0) �4FOEFO �4A84= 
L9LV@ �45O?84=EO;?

5. ³

A/B F9EFV?9G 8979AV@V; A9 :ÝA9 B? 7<CBF9;4AO F9>E9DG@9A �4?4= 54=?4AOEFO?6.
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